1. Introduction
===============

Henoch-Schonlein purpura (HSP) is a common hemorrhagic disease, which manifests the inflammation in the body\'s most microvasculars.^\[[@R1]\]^ The vascular endothelial cells have important metabolic and endocrine functions as well as contribute to the deterioration of HSP when the vascular endothelial cells are injured.^\[[@R2]\]^ The renin-angiotensin system (RAS) is undisputedly one of the most important endocrine (tissue-to-tissue), paracrine (cell-to-cell) and intracrine (intracellular/nuclear) vasoactive systems in the physiological regulation of cardiovascular, blood pressure and kidney function.^\[[@R3]\]^ When the balance of RAS is broken, it may result in the development of cardiovascular diseases, hypertensive and renal diseases. In recent studies, angiotensin converting enzyme 2 (ACE2) is found to be a new member of RAS, which is the key enzyme of the angiotensin converting enzyme-angiotensin (1--7)-mas receptor axis, playing a protective role in diseases such as blood pressure decompression, cardiovascular disease, and kidney disease.^\[[@R4]\]^ As we all know that angiotensin II (Ang II) can induce the damage and apoptosis of vascular endothelial cells while ACE2 can antagonist the action of Ang II.^\[[@R5]\]^ However, the effect of ACE2 on Ang II-induced endothelial damage remains unknown. In this study, the human umbilical vein endothelial cells (HUVECs) were cultured in vitro and used to explore whether recombinant human angiotensin converting enzyme 2 (rhACE2) could inhibit the damage and inflammatory mediator of HUVECs induced by Ang II, which may provide new ways to prevent or treat HSP.

2. Materials and methods
========================

2.1. Ethics statement
---------------------

This study was approved by the Medical Research Ethics Board of the First Affiliated Hospital of Anhui Medical University and it strictly followed the relevant regulations of Biological Research Ethics in China. We are willing to receive review and supervision.

2.2. Cells, reagents, and instruments
-------------------------------------

HUVECs (Jennio, China), Dulbecco modified eagle medium (DMEM) with low sugar (Hyclone, USA), fetal serum bovine (FBS, BI, India), penicillin-streptomycin (Bi YT, China), 0.25% pancreatin (Bi YT, China), rhACE2 (R&D Systems, USA), Ang II (Torics, UK), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyletrazolium bromide (MTT) cell proliferation and cytotoxicity assay kit (Sigma, USA), propidium iodide/ribonuclease (PI/RNase) cycle detection kit (BD, USA), fluorescein isothiocyanate (FITC) annexin V apoptosis detection kit 1 (BD, USA), reactive oxygen species (ROS) detection kit (Bi YT, China), interleukin (IL)-8 enzyme-linked immunosorbent assay (ELISA) kit (R&D, USA), tumor necrosis factor α (TNF-α) ELISA kit (R&D, USA), transforming growth factor-β1 (TGF-β1) ELISA kit (Abcam, USA), lactate dehydrogenase (LDH) ELISA kit (Jiancheng, China). HF90/HF240 cell incubator (Heal Force, China), Multiskan GO 1510 spectrophotometer (Thermo Fisher, USA), BD FACS Aria III flow cytometer (BD, USA).

2.3. Cell culture and drug treatments
-------------------------------------

HUVECs were cultured in DMEM with low sugar, 10% fetal serum bovine, 1% penicillin-streptomycin at 37°C under a CO~2~ atmosphere (5%) to logarithmic phase, and then the cells were cultured in 96-well plates for 24 hours to a density of 5 × 10^5^ cells per well for the examination of cell viability, while the cells were cultured in 12-well plates for 24 hours to a density of 5 × 10^5^ cells per well for the examination of cell cycle, apoptosis rate, ROS and the levels of LDH, IL-8, TNF-α and TGF-β1. There were 18 wells of cells cultured for each item of examination. Cultured HUVECs were then randomly divided into 6 groups (3 wells per group): the control group, rhACE2 group, Ang II group and Ang II+ rhACE2 groups (3 subgroups). Ang II or/and rhACE2 at different concentrations were added to the plates for 24 hours. In the control group, HUVECs were treated with 100 μl culture medium. In the rhACE2 group, HUVECs were treated with 100 μl 0.1 ng/μl rhACE2. In Ang II group, HUVECs were treated with 100 μl 1.106 ng/μl (10^−6^ mol/L) Ang II. In Ang II+ rhACE2 groups, HUVECs were treated with 50 μl 2 × 1.106 ng/μl Ang II as well as 50 μl 0.002, 0.02, or 0.2 ng/μl rhACE2. Three parallel tests had been done in each group.

2.4. Examination of cell viability
----------------------------------

The cultured HUVECs were incubated with 5 mg/ml MTT for 4 hours first, then the medium was removed and 150 μl dimethylsulfoxide was added to dissolve formazan crystals. The cell viability was determined by measuring the absorbance at 490 nm using an ELISA microplate reader.

2.5. Examination of cell cycle of HUVECs
----------------------------------------

HUVECs were collected by trypsinization, washed twice with phosphate buffer saline (PBS) and fixed by 70% ethanol at −20°C for at least 2 hours. Then the cells were spun down (1000 rpm, 5 minutes) and rinsed twice with PBS. Finally, the cells were re-suspended in PBS containing 50 μg/ml of propidium iodide in the presence of 100 μg/ml RNase A and incubated for 15 minutes at room temperature without light. The distribution of HUVECs in different phases were determined by BD FACS flow cytometer.

2.6. Examination of apoptosis rate of HUVECs
--------------------------------------------

HUVECs were collected by trypsinization, washed twice with PBS, re-suspended in 100 μl binding buffer (1×) with 5 μl propidium iodide in the presence of 5 μl FITC Annexin V and incubated for 15 minutes at room temperature without light. The apoptosis of HUVECs was determined by BD FACS flow cytometer.

2.7. Examination of ROS of HUVECs
---------------------------------

HUVECs were collected by trypsinization, washed twice with PBS, re-suspended in 2,7-dichlorodihydrofluorescein diacetate (DCFH-DA) 10 μm and incubated for 20 minutes, then the HUVECs washed by DMEM for 3 times. The ROS in the HUVECs was determined by BD FACS flow cytometer.

2.8. Examination of LDH, IL-8, TNF-α, TGF-βof HUVECs
----------------------------------------------------

The cell culture supernatant fluid was collected and the levels of IL-8, TNF-α and TGF-β1 were determined by ELISA kits and Multiskan GO 1510 spectrophotometer according to the manufacturer\'s instructions.

2.9. Statistical analysis
-------------------------

Data were expressed as (mean ± standard deviation) and data analysis was conducted by SPSS 25.0. One-way analysis of variance (ANOVA) was used to compare the data of control group, rhACE2 (0.1 ng/μl) group and Ang II (1.106 ng/μl) group as well as the data of Ang II (1.106 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.001 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.01 ng/μl) group and Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group. Simultaneously, Turkey test was used to compare every 2 groups. The test level was set with α = 0.05 (2-sided) and *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. The effect of rhACE2 on the viability of HUVECs
----------------------------------------------------

The results of the viability of HUVECs in different groups showed that Ang II decreased cell viability, while rhACE2 inhibited the decrease of cell viability induced by Ang II. Different concentrations of rhACE2 reduced the effect of Ang II on HUVECs, increased the viability of HUVECs, which was demonstrated in a dose-dependent manner. The results of the cell viability of HUVECs in different groups were shown in Table [1](#T1){ref-type="table"}.

###### 

The results of the cell viability of HUVECs in different groups (n = 3, ![](medi-98-e15799-i001.jpg)).
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3.2. The effect of rhACE2 on the cell cycle distribution of HUVECs
------------------------------------------------------------------

The results of the cell cycle distributions of HUVECs in different groups showed that the Ang II inhibited the cell cycle from G1 phase to S phase, increasing the number of G0/G1 phase cells and decreasing the number of S phase cells. Different concentrations of rhACE2 reduced the effect of Ang II on HUVECs, decreasing the number of G0/G1 phase cells and increasing the number of S phase cells, which promoted the cell cycle progression in a dose-dependent manner. The results of the cell cycle distributions of HUVECs in different groups were shown in Figure [1](#F1){ref-type="fig"}.

![The results of the cell cycle distributions of HUVECs in different groups (n = 3, ![](medi-98-e15799-i002.jpg)). 1, 2, 3, 4, 5, and 6 represent the Control group, rhACE2 (0.1 ng/μl) group, Ang II (1.106 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.001 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.01 ng/μl) group and Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group, respectively. There was no significant difference between control group and rhACE2 (0.1 ng/μl) group in the cell cycle distribution. Compared with the control group, the number of G0/G1 phase cells in the Ang II (1.106 ng/μl) group significantly increased (^▴^, *P* \< .05) and the number of S phase cells in the Ang II (1.106 ng/μl) group significantly decreased (^▴^, *P* \< .05). Compared with the Ang II (1.106 ng/μl) group, the number of G0/G1 phase cells in the Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group significantly decreased (^•^, *P* \< .05) and the number of S phase cells in the Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group significantly increased (^•^, *P* \< .05). There was an increase trend in the number of S phase cells in the Ang II+rhACE2 groups with different concentrations of rhACE2.](medi-98-e15799-g002){#F1}

3.3. The effect of rhACE2 on the cell apoptosis rate of HUVECs
--------------------------------------------------------------

The results of the cell apoptosis rates of HUVECs in different groups showed that Ang II increased the apoptosis rate, while rhACE2 inhibited the increase of cell apoptosis rate induced by Ang II, which was demonstrated in a dose-dependent manner. The results of the cell apoptosis rates of HUVECs in different groups were shown in Table [2](#T2){ref-type="table"} and Figure [2](#F2){ref-type="fig"}.

###### 

The results of the cell apoptosis rates of HUVECs in different groups (n = 3, ![](medi-98-e15799-i003.jpg)).
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![The results of the cell apoptosis rates of HUVECs in different groups. The cell apoptosis rate in the Ang II (1.106 ng/μl) group was higher compared with the control group and the cell apoptosis rates in all the three Ang II (1.106 ng/μl) + rhACE2 groups were lower than those in the Ang II (1.106 ng/μl) group with a decreasing trend in different concentrations of rhACE2.](medi-98-e15799-g004){#F2}

3.4. The effect of rhACE2 on the level of ROS in HUVECs
-------------------------------------------------------

The results of the level of ROS in HUVECs in different groups showed that Ang II increased the level of ROS, while rhACE2 inhibited the increase of the level of ROS induced by Ang II, which was demonstrated in a dose-dependent manner. The results of the levels of ROS in HUVECs in different groups were shown in Figure [3](#F3){ref-type="fig"}.

![The results of the level of ROS in HUVECs in different groups (n = 3, ![](medi-98-e15799-i004.jpg)). 1, 2, 3, 4, 5, and 6 represent the Control group, rhACE2 (0.1 ng/μl) group, Ang II (1.106 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.001 ng/μl) group, Ang II (1.106 ng/μl) + rhACE2 (0.01 ng/μl) group and Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group, respectively. There was no significant difference between control group and rhACE2 (0.1 ng/μl) group in the level of ROS. Compared with the control group, the level of ROS in HUVECs in the Ang II (1.106 ng/μl) group significantly increased (^▴^, *P* \< .05). Compared with the Ang II (1.106 ng/μl) group, the level of ROS in both the Ang II (1.106 ng/μl) + rhACE2 (0.01 ng/μl) group and the Ang II (1.106 ng/μl) + rhACE2 (0.1 ng/μl) group significantly decreased (^•^, *P* \< .05). There was a decrease trend in the level of ROS with different concentrations of rhACE2.](medi-98-e15799-g005){#F3}

3.5. The effect of rhACE2 on the levels of IL-8, TNF-α, TGF-β1, and LDH in HUVECs
---------------------------------------------------------------------------------

The results of the levels of IL-8, TNF-α, TGF-β1, and LDH in HUVECs in different groups showed that Ang II increased the levels of IL-8, TNF-α, TGF-β1, and LDH, while rhACE2 inhibited the increase of the levels of IL-8, TNF-α, TGF-β1, and LDH induced by Ang II, which was demonstrated in a dose-dependent manner. The results of the level of IL-8, TNF-α, TGF-β1, and LDH in HUVECs in different groups were shown in Table [3](#T3){ref-type="table"}.

###### 

The results of the levels of IL-8, TNF-α, TGF-β1, and LDH in HUVECs in different groups (n = 3, ![](medi-98-e15799-i005.jpg)).
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4. Discussion
=============

HSP is a common microvascular allergic hemorrhagic disease, which can invade various organs, especially the small blood vessels of the skin and kidney, mainly manifested as skin purpura, arthralgia, gastrointestinal bleeding, and hematuresis.^\[[@R6]\]^ It was reported that the vascular endothelial cell injury and vascular tissue damage were the bases of the pathophysiology in HSP children.^\[[@R6]\]^

As is known, RAS is one of the most important factors in regulating blood pressure, blood flow, and internal environment homeostasis. Angiotensin converting enzyme-angiotensin II-angiotensin II type 1 receptor (ACE-Ang II-AT1R), which is involved in vascular damage and tissue reconstruction, has been considered as the only metabolic pathway for RAS to work for a long time.^\[[@R7]\]^ However, experimental and clinical studies demonstrated that the ACE2-Ang (1--7)-Mas axis was relatively antagonistic to the function of ACE-Ang II-AT1R axis, which made us recognize that the regulatory mechanism of RAS was dynamically balanced.^\[[@R8]\]^ Ang II is the key enzyme of ACE-Ang II-AT1R axis, by acting on angiotensin II type 1 (AT1) receptor, Ang II cannot only lead to blood pressure elevating, cardiovascular remolding and kidney damage, but also induce the proliferation of vascular smooth muscle cells and the damage and apoptosis of vascular endothelial cells.^\[[@R9]\]^ Also, experimental and clinical studies have demonstrated a role for the ACE2-Ang (1--7)-Mas axis in the evolution of hypertension, the regulation of renal function, the progression of renal disease (including diabetic nephropathy) and the progression of cardiovascular disease.^\[[@R10],[@R11]\]^ Recently, ACE2, a homolog of ACE, which can hydrolysis Ang II into Ang (1--7), has been discovered as an important modulator of RAS by reducing Ang II levels and increasing Ang (1--7) levels, indicating its potential application in the treatment of vasculitis.^\[[@R12]\]^

In normal tissues, cell proliferation and cell apoptosis are in a dynamic equilibrium throughout the whole life, inhabitation of cell proliferation or excessive cell apoptosis will break the equilibrium.^\[[@R13]\]^ In our study, Ang II inhibited the viability, proliferation and cycle progression of endothelial cells and induced cell apoptosis, while rhACE2 could antagonist the damaging effects of Ang II (Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, Fig. [3](#F3){ref-type="fig"}). Kidney disease or nephrectomy can lead to decreased expression of ACE2, further promoting the damage to kidney induced by Ang II.^\[[@R14]\]^ It was reported that Ang (1--7) could inhibit Ang II-induced endothelial cell apoptosis and the release of LDH and Endothelin 1 (ET-1), protecting the endothelial cell from damage.^\[[@R15]\]^ It is considered that the protective effect of rhACE2 may be related to that rhACE2 could hydrolysis Ang II into Ang (1--7), reducing the level of Ang II, with the generated Ang (1--7) in turn inhibiting the Ang II-induced endothelial damage.^\[[@R5]\]^

Ang II, a potential inflammatory pre-reaction substance, can mediate the release of pre-inflammatory substances by activating the transcription factors nuclear factor kappa-B (NF-κB) and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, producing ROS.^\[[@R16]\]^ The increasing ROS in cells, in turn, initiates the transcriptional activity of transcription factor NF-κB, further causing high expression of LDH, IL-8, TNF-α, and TGF-β1.^\[[@R16]\]^ ROS is an oxygen-centered group or non-group derivatives and NADPH oxidase is the key enzyme in the produce of ROS.^\[[@R17]\]^ Besides, Ang II induces an increase of ROS by activating the NADPH oxidase complex.^\[[@R17]\]^ In the study, we found that Ang II increased the level of ROS, while rhACE2 inhibited the increase of the level of ROS induced by Ang II (Fig. [3](#F3){ref-type="fig"}).

Erythrocytes are rich in LDH, when the vascular endothelial cells are damaged or destroyed, or the permeability of cell membrane increases, LDH will be released into the serum, leading to the level of LDH in the serum increasing significantly.^\[[@R18]\]^ So, the examination of LDH level can reflect the degree of cell damage. IL-8, TNF-α, and TGF-β1 are important cytokines in the body, playing an important role in producing damage to vascular endothelial cells. It was reported that IL-8 could promote adhesion and migration of neutrophils and vascular endothelial cells, leading to the permeability of cell membrane increasing.^\[[@R19]\]^ TNF-α is a pro-inflammatory factor, which acts on vascular endothelial cell directly, leading to damage to the vascular endothelial cell, increasing permeability to endothelial cell and small vasculitis.^\[[@R20]\]^ TGF-β1 is synthesized and secreted by endothelial cells, it cannot only inhibit the growth, proliferation, and differentiation of normal cells, but also play an important role in promoting cell angiogenesis and apoptosis.^\[[@R21]\]^ The results of this study showed that Ang II could induce the increase of ROS in endothelial cells and promote the release of IL-8, TNF-α, TGF-β1, and LDH; while rhACE2 could inhibit the endothelial cell damage induced by Ang II (Table [3](#T3){ref-type="table"}). The mechanism of the protective effect of rhACE2 on Ang II-induced endothelial cell damage may be that rhACE2 inhibits the increase of intracellular ROS induced by Ang II, weakens the activation of NF-κB factor and reduces the release of inflammatory mediators such as LDH, IL-8, TNF-α, and TGF-β1, which has a protective effect on endothelial cell damage.^\[[@R22]\]^

HSP is a systemic disease involving multiple factors with endothelial cell damage and inflammation response playing an important role in its occurrence and development. The RAS regulating mechanism is unbalanced in children with HSP.^\[[@R23]\]^ The rising of Ang II reduces the activity of vascular endothelial cell and increases the activity of NADPH oxidase, producing a large amount of ROS which aggravates the oxidative stress of vascular endothelial cell. Then, the endothelial cells release inflammatory mediators, inducing endothelial cell damage and eventually leading to cell apoptosis.^\[[@R24]\]^ The permeability of vascular in children with HSP increases, involving small vasculitis in various organs of the body, manifesting as skin purpura, joint pain, gastrointestinal bleeding, and hematuria. Since rhACE2 has protective effects on Ang II-induced endothelial damage, we speculate that the use of rhACE2 in the treatment of children with HSP perhaps can reduce intracellular ROS production and release of inflammatory mediators, thereby protecting endothelial cells and relieving the development of vasculitis, which will be a new research direction for HSP treatment, while the application of rhACE2 still needs further study.
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